The ion-beam channeling technique has been used to characterize the interface and the first few layers of [100] GaSb/AlSb superlattice structures. Strain caused by alternating tensile and compressive stress has been detected by measuring the oscillation of the )110]-aligned direction with depth. From the angular displacement and its oscillation, the amount of strain in the superlattice has been determined directly. So far, however, no channeling experiment has unambiguously verified that alternate tensile and compressive strain exists in the modulated epitaxy system. The shadowing underlying atoms by surface atoms has been used for studying surface relaxation phenomena as well as the registry of adatoms. ' Recently there has been reported an investigation where the motivation was similar to the present. That investigation was motivated by the interest in strained-metal layers. The investigations measured the registry of atoms that were added during the growth process as it developed up to a few monolayers.
The ion-beam channeling technique has been used to characterize the interface and the first few layers of [100] GaSb/AlSb superlattice structures. Strain caused by alternating tensile and compressive stress has been detected by measuring the oscillation of the )110]-aligned direction with depth. From the angular displacement and its oscillation, the amount of strain in the superlattice has been determined directly.
Recently there has been very intense interest in the study of superlattices. Man-made superlattices consisting of alternating layered structures are of fundamental interest as well as being potentially interesting for electronic and optical applications. Ion beam channeling has proven to be very effective in the study of modulated layers. On the other hand, samples of modulated layers provide unusual opportunity for testing the capability of channeling analysis. Figure 1 shows a series of energy spectra of 1.76-MeV He+ ions backscattered from a superlattice sample at various experimental conditions. The best channeled spectrum, i.e. , the lowest curve in Fig. 1 [110] aligned spectrum (solid dots on Fig. 1 ) and the random spectrum (solid curve on Fig. 1 ), more than fifty spectra were taken at various tilt angles between 43' to 47' at 0. 05' or 0. 1' intervals. In order not to clutter the figure, only two more spectra (dashed curves) are given in Fig. 1 shown. In the present example this corresponds to a depth in the superlattice between the second and third layers.
Since the energy scale of Fig, 1 can be translated to a depth scale, a change in the energy window corresponds to probing different depths of the sample. In Fig. 1 We will elaborate our observation of the strain in Fig. 3 . The top part of Fig. 3 illustrates a model of a strained superlattice (Poisson effect), and its effect on the channeling along the [110] where a(A1Sb) and a(GaSb) are bulk lattice constants, a~ĩ s the lattice constant in the planes parallel to the interfaces, and aq are lattice constants for GaSb or A1Sb perpendicular to the interfaces. Lattice strain causes the [110] and [110] channeling direction to oscillate between an angle greater than 45' and an angle less than 45' degrees as predicted earlier. 4 This is what we observe experimentally and present in the lower portion of Fig. 3 . In Fig. 3 , the angular position of the minimum yield, as defined in Fig. 2 , is plotted as a function of depth of the superlattice.
The window width is three channels wide equivalent to a 15-keV energy interval and is the same as our energy resolution of the backscattering system. From energy-loss calculation, 30-nm GaSb produces a 34-keV energy shift, while 30-nm A1Sb produces a 29-keV energy shift at our experimental conditions. The oscillation of the angular position of the minimum yield is a direct evidence of the alternating tensile and compressive nature of the strain. The damping of the oscillations is due to the fact that an ion channeling at a given layer is always influenced by the previous history of the ion trajectory. We may assume that the change in angular direction of the [110] axis at each interface is the same. For all layers, the lower limit of this "kink" angle is given by the difference of the angular positions between the first and second layers, and from When the analysis reaches layer 5, i.e. , the layer between interfaces 4 and 5, the backscattering yield information is complicated by crowding of the Sb signal from layer 5 and a portion of the Ga signal from layer 1. This can be seen from the overlapping of the depth scales of Sb and Ga given in Fig. 1 . This restricts our depth analysis to the top four layers.
Our channeling measurements of Fig. 2 and Fig. 3 indicate a (0. 17' +0.03') "kink" between the layers of GaSb/A1Sb. The results of our strain calculations are sum- 
